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( a) Elevation of bent. 

I 

a 

( b )  Column force diagram. ( e )  T r u s s  end def lect ion diagram. 

Figure 1.- Single bay bent and elemental de ta i l s .  
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(a) Redundant force diagram. 
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Generalized truss N 

/M z 

(b) Truss end moment and thrus t .  

( c )  Rigid bar force diagram. 

(d) End t ranslat ion.  (e)  End rotation. 

Figure?.- Truss end force systems and deformations. 
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c 
P 

Truss top chord 

Rigid truss bracket K 

B 

I Rigid column bracket G 

(a) Partial elevation of bent. (b) Bracket schematic,end view. 

Col. G; 

Col. 1J.J 
( c 1 Bracket perspective. 

Figure 3. - Substititue column-truss attachment. 
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L 
(a)  Subst i tute  column force system. (b )  Force system in real column. 

( c )  Subst i tute  column force system. (d) Force system i n  r e a l  column. 

Figure 4.- Column force diagrams. 
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i r  

(a) Truss diagram for  ve r t i ca l  load s t resses .  

I .  ' I ,  

( b )  Fixed end moment and thrus t .  

Figure 5.- Truss load diagrams. 

L = 8'  
1 = 2' 

(a) Load system and t rus s  de t a i l s .  

( b )  Alternate expressions -of FEM and FE?T. 

Figure 6.-  Four panel P ra t t  t ru s s .  
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I 4 L = 16' 
Truss elevation 

( a )  Load system and t rus s  d e t a i l s .  

( b )  Redundant forces.  

( e )  Fixed end moment and thrus t .  

Figure 7.- Fink t rus s .  
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PLATE I 

COLUMN MOMENT STIFFNESS FOR HDJGED COLUMN 

BASE AND POSITIVE 6 
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PLATE I1 

COLUMN SHEAR STIFFNESS FOR HINGED COLUMN 

BASE AND POSITIVE 6 
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H = ~ E I  - 
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h h12 
Shear stiffness = ~ E I  - 
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Moment due to 
shear stiffness MNlk1 = Ks = 3EI 

h hi2 
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PLATE 1x1 

COLUMN MOMESTT STIFFNESS FOR FIXED COLUMN 

BASE AND POSITIVE 6 
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DERIVATION OF COLUMN MOMENTS FOR PLATE I11 
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PLATE v 

aLTEIwATE DF,RIVATION OF COLUMN MOMENTS FOR PLATE I11 
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PLATE VI  

COLUMN SHEAR STIFFNESS FOR FUCED COLUMN 

BASE AND POSITIVE 6 

AI- HI I 

H=--( ~ E I  A 1 2h + 4111 3 
hi2 hi 4h2 + 3h 

~ E I  2h + 4hl Shear stiffness 
H(bl = 2 Lh, + 3hJ 

+ 6)(2h + 4hl) - hl(3h - 
hl(4h~ + 3hl) 

= % = -  Moment due to 
shear stiffness 



PLATE V I 1  

SUMMATW OF COLUMN CONSTANTS FOR A NEOATIVE 6 

1. Hinged colrrmn base MA = 0 

(a) Moment stiffness Kc = 3EI th-8)2 
h hi2 

(bj Moment due to shear 
stiff ness Q = 3EI 1- 

h h l  

2. Fixed column base 

(a) Moment stiffness 

(b) Carryover factor 

(c) Moments due to shear stiffness 
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i-MB +- Balanced-. -Mc -- 
moments 

FT = 1.0 

(a) Elevation of bent. 

1 2.2770 
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HA 

Substitute structure and schematic moment distri"ution f o r  step 1. 

Sym. abt.E 
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A = l  
I 1  -MB MC -, 
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B C 

Col. FEM's - 
Balanced 

A=1 

9 
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HA 

M = 2.io78 
Sym. abt. 
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'KS 

-Mc 

(a) Schematic moment distribution for step 2. 

5.0929 A C  

9 

HA c- 
0.0929 AE 

sym* abtl 
A 

(e) Equilibrium diagram for step 2. 

V =  1.5 

( f ) Final equilibrium diagram. 

Figure 8. - Concluded. 
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9 cn 

FT = 1.0 1.3264 B 

9 
tc 

FT = 1.0 
HA - A t 0.3264 

I I 

(a) Elevation of bent. 

c 1.2446 

HD 

Numerical values 

2.5 
2.2015 

(Mc only) 

(b) Substitute structure and schematic moment distribution for step 1. 

( e )  Equilibrium diagram fo r  step 1. 

Figure 9.- Analysis of single bay nonsymmetric Pratt trussed bent. 
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(d) Schematic moment distribution for step 2. 
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RAB __I 

26.0377AE E 
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MC = 0.7389 AE MB = 7.2639 AE 
.- 

*A - 
1.0377 AE 

(e) Equilibrium diagram for step 2. 

. 

(f) Schematic moment distribution for step 3. 

Figure 9.'- Continued. 
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T = 0.2584 0.2 584 I 

0.2584 - A 
?1.4354 

MB = 0.5748 AE MC = 5.4643 AE 
/ 

6 1 3 -  9 .--cc- RAC 
24.9179 AI3 BI 25 AE t 

TA =25AE 

HD 
0.6071AE - 

(g) Equilibrium diagram for step 3. 
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MQ = 1.8091 I 
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QAC 
Y - c 25.6071 AE 
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Mc = 2.3259 

(h) Final equilibrium diagram. 

Figure 9.- Concluded. 
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L A r e a = A  

Col. I Col. 2 
I = IOA I =  10A 
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4 

1.0008 B 

(a) Elevation of bent. 

MB = 2.5647 

co 

\ 41 41 41 Y 
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2.5335 

MC = 5.7081 
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(0.0008) 
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+- 0.6342 

(b) Final equilibrium diagram. 

Figure 10.- Analysis of single bay nonsymmetric bent with side load. 
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PLATE VI11 

FEM FOR UNIFORM LATERAL LOAD ON COLUMN 

FOR HINGED COLUMN BASE AND POSITIVE 6 
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(a) Elevation of bent. 

Sym. abt. 
B 
FT = 2.0 
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e . . .  $ 
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+FMT * -FMT 

B :  : c  
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FT = 2.0 

u 
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(b) Schematic moment distribution for step 1. 

MB = 9.7933 

(c) Equilibrium diagram for step 1. 

F i g u r e  11.- Analysis of single bay symmetric bent with fixed end columns. 
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4- + 

TA= 2.5 AE Sym. abt. 

HA = 0.1677 AE 
A-  

Rn 
2.6677 AE 

I 

HA 
0.9348 

(a) Schematic moment distribution for step 2. 

RA 

(e) Equilibrium diagram for step 2. 

0.9348 

2.6773 

(f ) Final equilibrium diagram. 

Figure 11.- Concluded. 
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I = 10A 

I 1 6  1 I 

(a) Vertical load. 

i 

(e) Column base moment load. 

(b) Column base shear load. 

MDk 
(a) Column base moment load. 

(e) Tmss member identification. 

Figure 12.- Diagrams for Least Work solution of trussed bent. 
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TAEZE C.- l'RES STRESS SUMMATIONS FOR LEAST WOW SOLIEION 





(a) Elevation of structure. 
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(b) Substitute structure and schematic moment distribution for step 1. 

M = 9.7256 

(c) Equilibrium diagram for step 1. 

Figure 13.- Analysis of two bay Pratt trussed structure. 
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(d) Schematic moment distribution for step 2. 
> 
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( e )  Equilibrium diagram for step 2'. 
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(f) Equilibrium diagram for s t ep  3 .  

Figure 13.- Continued. 
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, (g)  Schematic moment distribution for step 4. 
t 

4- M = 0.2301 A 
4- 

0.0177 5 
9 
CQ 
d 

F =F 

"k 
HA 

0.6712-t 

= 8.9556 

rl 

V = 3.4139 V = 4.1721 

(i) Final equilibrium diagram. 

Figure 13.- Concluded. 
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Rm 

(a) Elevation of structure. 

FT = 2..5205- 

(b) Substitute structure for moment distribution. 

M = 3.5113 = M 
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( e )  Equilibrium diagram for step 1. 

Figure 15.- Analysis of three bay Fink trussed structure. 
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(d) Equilibrium diagram for 4 = 100 units/AE. 
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( f ) Final equilibrium diagram. 

Figure 15. - Concluded. 
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B. Nonsymmetric structure- symmetric beam load. 

C .  Symmetric structure - symmetric beam load. 

(a) Case I. 

(2.01) 

(2.02) 

(2.05) 

(2.06) 

Figure A-2.- Equations for balanced moments. 
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A. Nonsymmetric S t ruc ture  - genera l  column loads.  

Balanced moments . 

B. Symmetric s t r u c t u r e  - symmetric column loads.  
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Figure A-2.- Continued. 



A. Nonsymmetric structure - column load one side only. 
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(c) Case III. 

Figure A-2.- Concluded. 
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b 
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Y- ' / 

Truss loads 

S = member stress 

A =J3 
Summations f o r  X = Y = Z = 1. 

t, s v J  b = member areas 

Iu'- 
I 1 

Panel nomenclature 

Figure B-1.- Truss stress summations f o r  n-paneled P r a t t  truss for  
general end loads. 
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Uniform load at 
panel points 

Total load = P(n-1) 

'i 

Truss loads 

For panel nomenclature see f igure  B-1. 

Stress s m a t  ions. 

L 
Z S P .  SY = 

n(n + 2)(2n - 1) '2  - -  n(n - 2)(2n + 1) -[  48 t -48 

n(n + 2)(2n - 1) L +  
sp  sz = c L I  48 t 

Figure B-2. - Truss stress summations f o r  n-paneled P r a t t  truss for 
uniform panel point load. 


